Overfeeding a moderate energy diet prepartum does not impair bovine subcutaneous adipose tissue insulin signal transduction and induces marked changes in peripartal gene network expression.
Mechanisms regulating subcutaneous adipose tissue (SAT) insulin sensitivity and gene network expression during the peripartal period were evaluated in cows fed to meet or exceed prepartal energy requirements. Holstein cows were dried off at -50 d relative to expected parturition and fed a controlled-energy diet [CON; net energy for lactation=1.24 Mcal/kg of dry matter (DM); 36% of DM as wheat straw] until -21 d. Cows were then randomly assigned (n=7/diet) to either the same CON diet or a moderate-energy close-up diet (OVE; net energy for lactation=1.47 Mcal/kg of DM) until parturition. Biopsies of SAT were harvested at -10, 7, and 21 d for mRNA expression of 48 genes associated with insulin signaling, adipogenesis, and lipolysis. In vitro basal and insulin-stimulated insulin receptor substrate 1 tyrosine phosphorylation (IRS1-PY) was assessed at -10 and 7 d. The OVE led to more positive energy balance and greater serum insulin concentration prepartum. Compared with CON, OVE led to a more drastic increase in serum NEFA and also greater overall serum BHBA postcalving, both of which were associated with greater hepatic total lipid and triacylglycerol concentration. Close-up OVE did not improve any aspect of performance. In prepartal SAT, insulin-stimulated IRS1-PY was greater in OVE than in CON. However, IRS1-PY, serum insulin, and GLUT4 expression decreased postpartum regardless of prepartal treatment, suggesting a more severe state of insulin resistance. The expression of all genes encoding adipogenic regulators (PPARG and ZFP423), most lipogenic enzymes/inducers (FASN, SCD, DGAT2, and INSIG1), and basal-lipolysis regulators (ATGL and ABDH5) was greater at -10 d in OVE than in CON. Whereas adipogenic and basal lipolysis regulator expression remained greater in cows fed OVE by 7 d postpartum, expression of all lipogenic enzymes decreased regardless of diet. Despite those responses, the approximately 3-fold increase in expression of IRS1 and ZFP423 between 7 and 21 d suggested that insulin responsiveness and adipogenic capacity of SAT were partially restored. Expression of the preadipocyte marker DLK1, adiponutrin (PNPLA3), and fibroblast growth factor 21 (FGF21) was undetectable. Results suggested that close-up energy overfeeding did not exacerbate insulin resistance in SAT. Signs of restored insulin responsiveness (upregulation of IRS1, INSIG2, SREBF1, and ZFP423) were apparent as early as 3 wk postpartum. Thus, identifying specific nutrients capable of activating PPARγ after calving in AT might help accelerate its replenishment. A regulatory network encompassing the genes and physiological measurements obtained is proposed.